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ABSTRACT 


Three dynamic full-scale tests were performed on a 
rubber post vehicle speed reducer marketed under the name 
SAF-T-POST. The posts were to be used to stop a vehicle, 
traveling at highway speeds, before it entered a hazardous 
area. Tests conducted by the manufacturer had been limited 
to a single row of posts. In our tests an array Giveix 
posts was evaluated. 

Pests werenpersormed ati 15, 25; and..35 mph. “Average 
deceleration of the test vehicle ranged from 0.43 g to 0.51 g. 

It was found that using an array of these posts, a 260 foot 
stopping distance would be required if the vehicle (3,500 lbs.) 
was traveling at 60 mph and 360 feet at 70 mph. 

At speeds over 25 mph there was a tendency for the vehicle 
to be lifted by the rubber posts. At speeds ower 35 mph, vehicle 
lift occurred and the tires lost contact with the ground. 

There was no damage to the SAF-T-POST product in any of our 
-tests. Vehicle damage could not be evaluated because of a 
special "bumper" installed on the vehicle. It is felt that no 
serious vehicle damage would have occurred if the vehicle's 


original bumper had been left in place. 





The use of SAF-T-POST posts as a delineator was reviewed. 
However, because of the initial cost of the post ($70 to $80 each), 


if is felt that this application would be uneconomical. ae 
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INTRODUCTION 


In the early 1950's, the Goodyear Tire and Rubber Company, 
in cooperation with the City of Cuyahoga Falls, Ohio, installed 
what might be termed a first generation vehicle speed reducer. 
The speed reducer was a series of rubber posts set in a row so 
that one after another they would be hit by an out-of-control 
vehicle. Friction between the post and bottom of the vehicle 
as well as bending of the posts was expected to stop the vehicle. 

The flexible rubber posts were adapted from a rubber dock 
bumper produced by Goodyear. Each post was a hollow rubber 
cylinder 54 inches long, and 7 inches in diameter. Inside the 
post a 33 inch steel pipe, three inches in diameter was mounted 
so that 12 inches projected out of the base. The post was then 


embedded in concrete so that 36 inches of rubber projected out 


of the ground (see Figure 1a) (*) 

In the late 1950's, a company producing a product marketed 
under the name SAF-T-POST, approached the New York State Depart- 
ment of Transportation (at the time the Department of Public 
Works), in an attempt to interest the State in using SAF-T-POSTS 


for highway applications. The posts produced by SAF-T-POST were 


essentially the same as those used by Goodyear in Cuyahoga Falls, 


Ohio (see Figure lb). 
In a brochuréeé** published by SAF-T-POST, the manufacturer 
suggests the following applications for his product: 


1. On driveway entrances, corners of buildings, ends of 
guide rails, etc. 


2. Around fire hydrants 


3. In front of bridge abutments 
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4, On and ahead of traffic islands 

The manufacturer does not suggest whether the primary 
function of the SAF-T-POST is one of delineation or one of 
stopping the vehicle before it enters a hazardous area. 
Since no technical information was provided in the brochure, it 
was difficult\te tell which function these posts might be used 


fOr, 







The use of the ‘SSAF-T-POST rubber posts as a delineator 


would be uneconomical. \A cost of $100 per post was suggested 

by the manufacturer and he\thought that the cost could be 

reduced 20-30% by volume saleS. Even if the post required no 

maintenance after impact, the cost of $70 to $80 per post would 
| \ 


be excessive for a delineator. Other maintenance free delineators 


are available ata fraction of this cost, 
. 


It is reasonable to assume the manufacturer intended his 
product to be used primarily as\a device to sdep vehicles before 
they entered a hazardous area. However, since HoNeeginsice! on ie 
design data was provided it was di cult to predict how this 
might be accomplished (number of posts required for given design 
speed, stopping distances, etc.). | 


For applications specified by the manufacturer, it would 


generally be more desirable to redirect a vehicle using guide 





rail. ‘This is, however, one important area. on a highway where 


redirection is not possible and to stop a vehicle would be 


desirable. 
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This area is, known as the "gore", and it/is jillustrated 


below. In the gore region, it Ais desirable to stop a vehicle 


TYPICAL HIGHWAT GoRE 






TYPICAL 


LAAT 


oe 8 eR ET OE AOL AR EEE IS RS a REY ere a ore 


within reasonable deceleration limits, if the car/is on a 
head-on collision course with the rigid object. For oblique 
type impacts redirection would be desirable. 

| Examination of existing gores on highways indicate that 
there (is about 25-40, feet available to stop a car... In, order 
to stop a vehicle, traveling at 60 mph, an average deceleration 
of between 4.8 "g" (25 ft) and 3 "g" (40 ft) would be ana 
for) our Bend gores. Thus, any device installed in SyPAC RS 
40 ft gore has to apply a retarding force at least equal to 
3 times the weight of the vehicle. 

The SAF-T-POST company furnished the State with the 


following full-scale crash test information relative to their 


products: 


—~ . 
*"Flexible Highway Posts", Fleet Owner, Apri’ 1964,)p...100 


**"Be Prepared" SAF-T-POST, 298 Main Street, Buffalo, New York 
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TEST RESULTS 
DATE OF TEST: October 22, 1957 
LOCATION OF TEST: Buffalo, New York 
POST ARRANGEMENT: 
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VEHICLE USED: Mercury Sedan 

-Test 1: Vehicle hit posts between 45-50 mph. When the car hit 
the first post, the gas was removed, but the brakes were not 
applied. The car rolled off the 6th post at between 10-15 mph. 
Test 2: Vehicle hit the first post at 45 mph. The brakes were 
set as soon as the car hit the first post. The car stopped on 
top of the third and fourth post and required aid in moving over 
the posts. 

It is appropriate to point out that these test results were 
based on visual observation rather than engineering documentation; 
therefore, it was not possible to determine the true impact speeds, 
, speed. From these tests 


it was obvious that relatively large deceleration distances were 


and in the case of Test l, Sie Serene 


required to slow and stop a car traveling at about 45 mph. 

Based on test results furnished by the mamufacturer, a deci- 
Sion was made that the SAF-T-POST was not suitable for highway 
use. ' The basis for this decision was the relatively low rate of. 
deceleration and consequently the long stopping distance required. 
The product SAF-T-POST was dropped from further consideration at 


that time. 
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Originally, tests performed on the SAF-T-POST product I? 


were limited to a single row of posts. In 1968, it was decided | 


ene oeeieemnienal 


s s . NS 
to test the SAF-T-POST product and to obtain engineering data on / 
a - 


\ 


which to gauge its potential application when placed in an array. 


Therefore, as part of ei) NSS test program, several tests 
were performed on the SAF-T-POST product to obtain the desired 


information. 
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TEST METHOD 


Full-scale tests were conducted on the SAF-T-POST rubber 
posts on July 10, 1969. The test site was the Schenectady County 
Airport, Schenectady, New York. 

Six rubber posts were Borcnadea EYOMPoOAL-T—-POST atvar costsor 
$100/post. For test purposes, they were set in the array described 
in Figure 2. This figure also illustrates the location of the data 
camera. 

A 1963 Plymouth sedan was used as a test vehicle. Since only 
one vehicle was available for use in the rubber post tests, it was 
decided to mount a 6 x 8 inch section of box beam in place of the 
vehicle's front bumper. This beam section was installed to eliminate 
any vehicle crush which might occur, thus keeping the frontal area 
of the car uniform for all the tests. Photographs of the test 
vehicle and the rubber post array are shown in Figure 3. 


The test vehicle was instrumented in accordance with procedures 


mr. 





common to our guide rail tests!) Targets spaced 40 inches apart ‘were 
placed on top of the vehicle Paeee These targets were used in the 
film analysis to provide two common reference points on the vehicle. 
A RM 3-way accelerometer, produced by the IMPACT REGISTER COMPANY 
was eisea en on the floor of the vehicle inside the passenger 

; | 
Compartment.) The full-scale range of the’ accelerometer was +20g's 
with resolution to 0.5g's. The purpose of this device was to give 
immediate indications of the decelerations reached in the tests 
eee hsving to perform time consuming film analysis. 


The crash car was guided to the impact point by a track and 


dolly arrangement. A detailed explanation of the method of control- 
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ling the vehicle is not pertinent to this report; and, it will be 
covered in a future research report describing our complete test 
program. 

The tow car driver controlled the speed of the crash vehicle. 
He was able to read this tow car speedometer and thus provide an 
estimate of impact speed to observers watching the tests. This 
estimate was later used to check impact speeds obtained from film 


analysis. 
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Data Collection and Analysis Method 


At the onset of the test program, it was anticipated that 
large diameter rubber posts: would reduce the speed of a vehicle 
\ 
through two physical actions: \] 
1. Bending and inertial resistance of the posts at impact. 


2.) Friction between the posts and the undercarriage ofthe) 4/7, 
car as it passes over the bent posts. 


A graph illustrating, in general, what we felt might occur 
in our tests is shown in Figure 4. Using the array of posts 
tested (shown in Figure 2), it was anticipated that vehicle speed 


changes would occur in eight areas. Referring to Figure 4 these 


speed change areas can be explained as follows: 


Speed Change 


eason for Speed Change 


Caer 
Vi Symbol representing the initial velocity 
of the car as it impacts posts 1 & 2. 

Area 1 (AV,) Car bends posts 1 & 2. Slowing action is 
due to bending and inertial resistance of 
these posts. 

© 

Area 2 (AV>) Car slows due to the friction of posts 
1 & 2 against the bottom of the car. 

Area 3 (AV3) Bending and inertial resistance of posts 
3 & 4 while posts 1 & 2 still create 
friction under the car. 

Area 4 (AvV,) Slowing due to friction of posts 1 & 2 and 


3 & 4. Slowing rate should be different 
than V. because a different % of vehicle 
weight iS on posts. 


Area 5 (.A\Vze) Bending and inertial resistance of posts 
Sea OrDelng partiaaly. bent..-Posts Tié& 2 
and 3 & 4 create friction. : 

Area 6 (AV,) F Rear of vehicle off posts 1 & 2. Car 


slowing due to further bending resistance 
of posts 5 & 6 and friction from posts 3 & 4. 
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Area 7 (AV) Car slowing because of friction created 
by posts 3 & 4 and 5 & 6. 
Area 8 ( AVg) CArSODLQDOSCtS 37 het ce Fraction’ of posts 
a 9 \& 6 slow car. 
Vi Symbol representing the final velocity 
of the car as it leaves the posts. le 


It was Originally hoped that these speed changes could be — 
defined during testing. However, analysis of the data did not 


reveal the anticipated speed Changer areas yi) ei | 
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The procedure ERS to collect and analyze the data was as 7 
follows: A high speed FASTEX cine" camera, operating at about —~7_ 
500 frames per second was feels photograph the test vehicle 
(see Figure 2 for camera location). Timing reference marks were =~ 
recorded on the edge of the film at the rate of 120 marks 
per second. After development, the film was projected onto a 
Benson Lehner Scanner (analog to digital converter), and the 
displacement of the vehicle was measured every 5th timing mark 
(5 x 1/120 = .042 seconds). Using this displacement-time data, 
average vehicle velocity for each .042 second period was calculated 
with the aid of a computer. Graphs of vehicle velocity vs. time 
were made and are displayed in Figures 5, 6, and 7. After reviewing 
these graphs it was decided that our standard data reduction program 
was not appropriate for the data gathered during the tests on rubber 
post speed reducers. The reason for this was because at the low 
test speeds, small errors in measurement of vehicle displacement 
resulted in relatively large errors in vehicle velocity. It was 
decided that the velocity graphs could be "smoothed" using mathema- 


mical methods. 


Displacement vs. time data were graphed as shown in Figures 8, 


9, and 10. The data closely approximated the general form of a 
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BACK SOLUTIONS FOR aetna Lin OF DEGREE 2. 

YX VALUE yY VALUED Ee ay me be 
0.63006 "1628200 bat Wifes is oh 
Ay =16-1800 =16,4398° 
0.7140 "15.2800 pci seco ROP hel 
0.7560 “14.8900 14,7708 sere ee. cance Squartien (|) 
0.7980 =44.3800 “13.9734 

0.8400 713.3500 13,2006 ft) X vs Lime in seconds 
0.8826 “42.7100 #12,4526 
6.9240 tee Or mo libe, ie me wes 
pees oer bree ay aes displacement in dee 
1.0080 “10.5390 “10,3566 
1.0200 =9.7600 a UG 
£0940 “9.2400 me, OO a 
£1346 “8.7300 "5,43828 
1.1760 »7.9600 “7.9076 
1.2600 © 625500 “6,8312 
Poa O20 #5.9400 oat = ea CHE 
ete 340 =5.7800 a5 064 9. 
1.36609 =5.0100 = AOLY . 
1.4280 Merete =a 9749 POLYNOMIAL DEGREE = 2 
Sat OO =. 5Q00 "4.5725 TERM DEGREE - COEFFICIENT 
1.5120 #442400 H4,1948 py pie en BOP Cy Ce 
1.5440 ~347300 "3.9237 : Sania tes 
125960) 1 We te ATs ~3.5136 Zz =". 699898 65E O01 
1.6330 =~3,3400 Py RATE: 

a, Seo ~2.8300 m2.9314 
pegeen #265700 m2.6/69 
1.7649 =2.3100 Pe ge che 
1.8060 =?2.7000 mes eae Ei ¢ 
1.8489 -1.9300 Ti, oe 

“41,8900 =2.1300 =1 9070 

EQUATIONS! 








Limits} O,230 +e \, , 0° S2coN 3, 
(0) Displacemeny (X) = -33.35 +29,.864- 7.00%" 
(2) Veloertu 4 (Sf/eec) = oa — 14.00% 
(3)  Acceler “ort o> ee {| S20," ane 
| here + -\S in seconds 


TABLE 14 
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Y VALUE) 0 Wh Og 
( \ 
¢ ment ect 
6.0840 =16.3100 16.5964 ) Y is displace wa We 
Oe es scog: | ctkiorss POLYNOMIAL DEGREE= 2 
0,2109 -12.8400 -12,8578 TERM DEGREE COLFFICTENT 
0.22520 ~12.0700 iGo r : RECARO ASE 02 
G.2940 "10.9100 1 Ore ts bs eSPUSZATIE O2 
0.3360 ~9.6300 “9 3763 é ©B0986270E 01 
0.3786 “842200 os A 08: 
G.4200 =f .320G =/.1982 
0.462%) -621600 =O aed 
0.5040 5.2600 =5.1344 at eT baud i: 
0.5460 = 3.8500 -4,1454 EQUATIONS. 
0.5886 “3.2100 ~3,1849 Limirise 0.084 Ley 2, \\o Secona 
0.6300 ~241800 e225 90 a . 
0.6720 =1.1600 “1.3496 le ei (We WIND Ee 
0.7140 “0.5100 “0,4749 Q) Di spa Ceme Bie ; 19,23432.05t-8, 
047560 0+3900 ecw 9 f\ \ (CI Rite le Wat Lonk 
feQ10C VTU i%< = AOA toe 
0.7986 1.2800 1.1690 \2) V sabia a | 2c) Qe [S, 
0.8400 2.0500 1.9780 fs, \ ipilpangty Vp nae me ear. ie 
0.8620 248200 2.7385 3) Aceelerorion = “16.20-s/see 
0.9246 324700 3.4704 Fe <> + i< {ro — ~eur G 
0.9660 4.4900 We Wak Y VIN ETS VW SECON S 
1.0080 Se TUL 4.8485 
P0720 6.2900 ec By byes 
1.1340. 6.8000 6.7014 
Pei eo 7e3200 Tee2615 
to2180 7.7000 Poa T 
L, 2606 7.9600 8,2971 
1.3020 8..7300 8.7718 
1.3446 8.9900 92 2180 
1;,3660 9.1200 PS Eso 
ALO 1G.2700 DSH 54 
Bey bet} $0.6600 DOF LEO 
1.54409 iy OTRO. - TOSogaGr 
i 5960 11.4300 ie Ot 
6500 1220700 MRS Ie me 
AVA eh Sees 
TABLE epee 
. ZTPETeadtyn) PRE aa 
TEST R85 POLX NOoMIAL REGRESSION NESULTS 













ee bids, 
” i ‘y, 
ney A 
’ a ® I : 
iat Th. 1 Ns 
' | Py Ag 
f* i Je , - ae) 
i 
Ag a th ’ ede 4 x s an, j 4 « 
a ; Ye ab by 7 Es fa J 
Area LOGE AS" 6 marty 
Seay tyne ; Peers, 2 2 eons Tee 
fy or kab COD ee ae 
| re ee at 
Poe Ne ‘ROSE N60 ae 
Seb ery MAD Ef Pre 
he A “Uk A y a * 
Pay 6 “eg v i ® 1 a Ae oF 
a a fi w 7 
YN ha \ “phen; i - 
HAD eu RC eee 
i, ; opal Oh i 
: } f xe ‘ r UV rey] . Some « 
J x i pe os 
f ‘ 4 ‘ et 8 
« / é vs GUNG ai 
ie 4 - A j THEA “a 
‘ ~ | a 
r ‘ “ 5 Gey if i arts ‘4 4 
‘ +) a Rd LV Ss 
14 & ? 4 wae is ’ ey 
- Ly aa uy Poca A 
f } é my, % ih? ys 
" \ a gure ae 
ans ' 
y , ‘ ‘ ae s y : vi ( yaw 
i ar ae oy “ 
. wag nt Owe at 
. bat Jit Ue, | / f eS 


an ; ‘ ! i 4 i i ‘ vi Oavs in ‘4 i[™ x ron ) uf v ia A i - 
er a re! 
; i » BIRO s 





; : dhs sy iter) » ; i paehes On, ee 


i : ) 7 i ; : 
: nA | ; in 
tig Y 7 , : P ‘ 


i? vas ? ht ow } 
4 " iB 7 ie me aA y 
Ap eRe aa iy 
; a -. 
%. c 
ff 4 I suey) 2 Maly oye 
: j z4 i tb ed ks ¢ 
a gr Lag hy ty aur Awe Rd ee 
we? i ‘ a P i fo id ¢ ae gO va 
re fA Fs ie Oe oP MAPALAS “nal 











\ 


X VALUPG) 


00,2940 
0.3366 
0.3780 
0.4200 
0.446026 
0.5040 
0.546@Q 
0.568609 
0.6309 
0.6720 
Os F14G 
0.7560 
0.7980 
0.8400 
0.86206 
0.9249 
0.9569 
1.008Q 
1.0500 
1.0920 
cE aie DR Or 
Peat 66 


POLYNOMIAL REGRESSION (GCSLO012) 


BACK SOLUTIONS FOR POLYNOMIAL OF DEGREE 2 


y Vatue(2) 


"14.6400 
“1.200400 
"4{0.6600 
-8.4700 
“6.5000 
e4 6200 
“02.7700 
12146400 
342100 
42.7500 
Ge2500 
8.3500 
10-1400 
ite 2400 
13.6100 
1521590 
1666900 
18.2300 
2062900 
21688300 
2342400 


Bets. y* 


hie Am esc ie Abn 


= 004.6% 
Lato Wye aM? 
"6.6017. 
ba are oy We 
SO OU ak 
ao EE Beg 

Ve1089 
2.9686 
4.80276 
6.6096 
8,3900 
ah 1 oe 


2.2442 


TS. Soe 
20,1042 
Cli glee 
SIZ LOS 


¥ Best fit line --from cyudinn (1) 


\ 
(i) Kis wime in seconds, 


\ 
@ VY is displacement in feet 
POLYNOMIAL DEGREES 2 
TERM DEGREE COLFFICIENT 
0 f . ( 3 et ite 
30008607E Qo 
: *54165037E 92> 
Br ESTTALBOE vai 
EQUATIONS, 
4 
Lim YYS ‘ '* 244 bo I, (34 SeCe vA 
* s % 
. Lup’ Sie") amdeen 
(1) Dis placement OY} *30,01 4+ 54,.170-7 
f 
i } a 5, Or; 
2 Veloery ih] sec)= S47 = 1S lo 
2 


t 
\. a \ 
(2 “ar ae = mem ge & 
Wne ce 4 Sul ir) S@cot ros 


NADLE 
TEST 90 POLYNOMIAL [REGRESSION RESULTS 















i y aR 
o ey iT tee ake 
. ~ j at 
| 2 oH vet * oa re 
a ‘. “4 | Pak . riy gi! a3 ‘ tW30, fai i 
‘ j . : ’ ie. a: 4 : 
Ag et aes ewe. * ; 
Ng a Sh a5 oe + oh hs ae ; \ 
(i> #€.) varavOla) ) TREES) cote 
| Srrereana ie si ary” 
(geo CD) OO aie eee 
TY: by ON yl A 
nie aes ia 
Q ' : ‘ One £2 
.% 7 9 we | 
a! eB. oP 
ij _ ) P | F 
> ¥ } ' » t ' ‘ 
wld | 
: 4 6 Meas : 
My Litt 
’ ey 5 ei 
wT é hak! . pAb et 
} i < iF yan s S84 Oe ee 
: - " eS S40 
' few " Ooe Aad § 


| a a oe 











Test i alae Fes Sreeo see yiaa: Aes 
{ t ep 
DisPLAcenEny ies : 








x Experimenta. Data 
| o CarcuLaten PINTS Using : 








ate N' es Ne 2ND ORDER ~PoLyNomia 
-15 Fa | REGRE oe Curve 
| ‘ | De Olav 
a PCCP AVAIL esc Rl Penman Curve 
= | | 
-13 a 4] i 


AX. 






IS PLACEMENT (ft) 


O 168 336 504. G72 B40 1008 175 1344 1512 1680 1806 


Time (m -$«¢) 


FIGURE 6 | 





ii ) | Sn cf 


ye 


Le Waid >a R a ee le 





‘ 7 “ , 
> a 
4 : , 5 2 
; 
; « ! } . 
t | 
i 
t 
‘ 
| 
¥ 





: ? 

) 

q 

: 

j 
‘ 
‘9 

).. 
* 
: 
‘ ’ 


ee 
~ - _ 
‘ 
~ 
. 
’ 





21 


ER 


Test 89 Ruspser Post Speen Reouc: 


| 


Time 


Dispracement vss, 











<5 = i iy ‘- 
fees a= 2 
ti = eo) by give ae aia j ' ; 
F- ion ~ at 6 i Nee! j ; | 
<x “ Seth we | — bos Fenn SB 
RET as S 5 ea ee | GPddOlS | xYD | © 
= 34 Cs ks a ee: . +35 
re i ee ee oe oe ee 
a a O- are | | 
— od = * va & ra { | | 9 
= f) isk =~ it Rai —s =~ i 28 a Sinai Sis ee Ran EE ES SN ee rE ot Bens eer ee Me ae or “5 
ash ial an 14 a 4J im i i | : po 
eo Sey al i |. 
ie ee) cored rm tt ut | we 
of i cd : | _~ 
- a Cd. 7 es i | | Te) 
mera 4 i «4 ul ' : —— 
C. a Qa } —- ea 2 7 i j i | 
gta 8 a ON 8 . 
ae eS ee 


EM 


Byer sd as co een 
1344 


DISPLAC 
N76 





Reeeess on Cueve. 


| | z 
ee 
o 
| 
| et 
| | 
[ 
epee OG ee Ae ee Ee hee Fete 








Ce ee — 


& 


M 






| 
| 








i eee eee 
1 


BA Aioa/ Sto | AUD 





0 


F 

\ 

| 

| 

| 

| 
ve = ar. Ais 


(#3) LNZti 30u1dS1(] 


\. 





336 504 O72 840 


is 


cons 


r 


FIGUI 





Test 90 RUBBER Post Speen Repucer 


DisPLACEMENT vs. |ime 


Dara 


{ 
rR. % LYNOMAL 


vw) 
ee) 
—s 
Oo 
4 | 
-—~ t } 

' , 
{2} vt. = 
z & ie ae tes | Sem, te 
i hd Vy { ' 

— $, i] 

ee sy ul pepe 


ton Curve 


E 

E 
ORDE 
ae bE SER 


REGRESS 
ion Cy RY 
ni 


x Expeeim: 
© CALCULAT 
ZND 








§ oe par eaalinsin Wis esther aataie— ree oer 8 —_— — a 
{ 
| 
i } | 
| 
| 
2 tee . | 
a ~~; grees |» emer “Sh epee es pane a me 
So Blo = tl oh AO) 
4 
Lis 
| { : | i © 
Ox 4 Ws Adastra a ae ae fo eclogite tamed 


| 
| 
dhe Ga MEE 
04 








ee hoe inte 0! ames SY ind nt ken) es Bees Re Ae Mien eee e 





fe 180d “SAD¥dl AO | = 


' 
i 
| 
/ 
| 
{ 


ne ES | ee See 
Pmt sccesiviN avi tee] geek ee Se 


: 
a SE Pascisistlerontboes beetasecaodicagtnael eee 
i 





t 
' i i t 


(+3) LNaWs9U71d SIG 


i TE (m sec ) 





ety 
= - a 7 
- ee 





23 


parabola which would be expected if deceleration were constant. Ve 
Because of this it was decided to assume constant deceleration. 


With the aid of the computer, the "best" fit»2nd order polynomial 


curve was fitted to the data. ‘Tablesi1, 2, and:3 show the results 


of the computer fite™ The estimated Y values (displacement) were 
es ei ett ee ‘ 


plotted in Figures 8, 9, and-10. aug with the (experimental data. 


OO, es 


The estimated Y values found a the polynomial fit did not vary 





more than 25 _rom che test da: ore was, therefore, reasoned 
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x. a ee 


practical ¢ purposes. 





Also illustrated in Tables 1, 2, and 3 are general equations 
(as found by computer solution) describing the test during the 
ee at 


period the car was in contact with the rubber posts. The first 





derivative (Equation (2)) of the displacement equation (1) describes 


the velocity of the vehicle. The constant in the velocity equation 





(2) is equal to the impact velocity (feet/second). 

The second derivative (Equation (3)) of the displacement is the 
deceleration of the vehicle. Since the 2nd order polynomial ; 
(parabolic function) was used, this deceleration was a constant. 

Inspection of the accelerometer tapes (RM~3 way installed in 
the vehicle) showed that decelerations did not exceed 1 "g" during 
any of the tests and averaged about 0.5"g's" These accelerometer 
traces found in Figure 11, serve to verify the decelerations 
computed from the high speed data films, and substantiate that 


vehicle deceleration was reasonably constant during impact ae 


overriding of the posts. 
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TEST RESULTS 


Four tests were performed on the array of six rubber 
posts (SAF-T-POST). One test (Test 87) is not summarized 
because the tow dolly did not release from the test car and it 
was pulled over all of the posts by the tow car. Although no 
engineering data could be obtained from Test 87, it is signifi- 
cant to point out that the rubber post array did not offer enough 
resistance to prevent the tow car from pulling the test car over 
all six posts at a speed of approximately 15 mph. 

In Tests 88, 89, and 90, the tow car driver estimated the 
impact speeds to be 15, 25, and 35 mph, respectively. Impact 
speeds for these tests, obtained by dnalysis of the high speed 


movie films were 14.4, 21.0, and 33.9 mph. 





Pigunesuiic, Lepuand 14 summarize the, sesults ofthe three 


tests. Referring to these summaries, one can note that the 


vehicle stopped on the posts in Test 88 ene moh) and Test 89 


(21.0 mph). Stopping distancesin these tests were 14,3 feet * 
ee eS 


— 


-and 29.1 feet respectively. Average decelerations computed from 


een OTC etsy 


~ these stopping distances were 13.8 £t/sec* (O43 x accel. of | 


gravity) and 16.4 ft/sec” (Oc Sides accel origravity) >. \ In Test 90, 
— al f <cecesceuessssssnsvsnssssseseESERURESEERENSECN at seetcbeaaneemsennaememaneenemenessnnn 


- the vehicle had an impact ie er ym Me SDC rolled ont the 
posts with a final velocity a 25./-mph, As 2n the pre ee tests! 
the average deceleration was computed during the period the car 
was in contact with the posts and indicated the test vehicle 
“Ha cceeaa 15.1 i eter (0.47 x accel. of gravity ie. 0.47 a 

One might be surprised by the fact that in Test 90 the speed 


of the crash vehicle was reduced only 8.2 mph while the vehicle 
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was in contact with the posts. This, however, becomes a 
reasonable figure if one compares the kinetic energy loss of 
the vehicle in Test $0 to that in Test 89 where the posts just 


Managed to stop the vehicle at 21 mph: 


KINETIC ENERGY LOSS 


Z ® . . 2 . 
= -_ 
KE, : 4s M (V initial V final) 


Where: M is vehicle mass 
V is velocity (in feet/sec) 


hol o9 Tol o0 


K way 2 a. oer 49 .727-37.697 
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: The difference of 5,500 ft-lb in kinetic energy can be attributed 
TOecniree factors: experimental error (about 10% of the values 
measured), the rubber posts react slightly different at different 
speeds (average decelerations are not identical for the two tests), 
and in Test 89, the vehicle did not travel completely through the 
Gcnplete drray Of posts. “The;speed joss of only 8.2 mph in Test 90 
is what would have been predicted (15%) using the results of 


| 
| 


Test 89. | 


In the photograph of the actual tests, Zt can be seen that 
in Test 89 and Test 90, there was a tendency for the front of the 
vehicle to rise as it hit thé posts. In Test 90, if was noted 
that the right front wheel was off the ground. Had higher speed 
tests been performed the vehicle wheels might have been 1ifted 


from the pavement and loss of controlyjmight have occurred. It 


was decided not to perform tests at higher speeds because of 
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danger to equipment and personnel. 

The posts in the ene array were used for each test and 
.at the conclusion of four tests there was no visible damage 
to the posts. ‘ 

Since the box beam bumper was installed on the vehicle, no 
vehicle damage occurred. In our peon Had the vehicle's 
original bumper been in place, there still would have been no 


severe vehicle damage. 
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DISCUSSION OF RESULTS 


It is important to point out that the manufacturer was 
present during the performance of Test 87 through 90. The 
manufacturer requested that vehicle brakes be locked while the 
vehicle was in contact with the posts; however, test engineers 
were interested in evaluating the ability of the rubber posts 
to decelerate the vehicle. They were not interested in evaluating 
the brakes on the test car. Therefore, vehicle brakes were not 
applied during testing. 

The manufacturer also questioned the use of our special 
“box beam bumper" installed on the test vehicle. As pointed 
out in a previous section, the purpose of this bumper was to 
keep the frontal area of the vehicle uniform for all tests. Also 
pointed out was the fact that the "bumper" was removed for 
Test 90. There was no noticeable change in the post performance 
when the bumper was removed; therefore, we conclude that the 
"bumper" had no effect on test results in Test 88 and 89. . 

in all the tests performed, all decelerations were lower 
than would have been expected had the vehicle brakes been locked 
on clean dry pavement (in these cases decelerations are in the 
range of b46-6.8 "g's"); consequently, stopping distances in the 
tests were greater than they would have been in a locked wheel 
stop without the rubber posts. 

As pointed out in Test 88 and 90, the front of the test 
vehicle was lifted. Since low decelerations were measured 
(RM-3 way accelerometer) during Tests 88, 89, and 90, it was 


decided to drive a test at 45 mph. In this test, the car wheels 
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completely left the ground and the driver lost control long 
enough so that he almost hit a vehicle parked near the test 
PreoLeeOur ONION iio tt ling, Onithe (vehicle creates! a 


serious hazard. ‘ 
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SUMMARY 


A product marketed under the name SAF-T-POST was tested. 


This product could be used as a maintenance free delineator or 


® 


as a vehicle speed reducer. Both applications were evaluated. 
The results of our findings are summarized below. 


1. The manufacturer estimates that SAF-T-POSTS would cost 
between $70-$80 each, not including installation. It 
appears that this cost precludes the use of these posts 
as delineators. 


2. The low deceleration of the test vehicle (range 0.43 to 
0.51 "g's" in 3 tests) when it impacted the test array of 
six posts, showed that large distances would be required 
to stop passenger cars traveling at highway speeds. The 
decelerations found in these tests were lower than they 
would have been if the test vehicle's brakes had been 
applied on clean, dry pavement. (In the case of pavement, 
deceleration would range between 0.6-0.8 g's). A compari-~ 
son of stopping distance on clean, dry pavement is shown 
below. 


Mer ama R a ha tC Toles in CUR alts.” Dac we) 1" 
Initial Pie Rubber. Posts PAVEMGIL. sit 
Speed Stopping Number of Posts Stopping 


Distance Required* Distance 






(FT) (FT) 
(O245%gtidecel.).. (Ov or eee. edieaeot 
Tina 4.8 
29.6 19.0 

66.7 42.9 | 
118.5 76.2 
185.2 119.0 | 
266.7 TAT ie 
362.9 2830.3) 


Nr et ee 





*Assumes 2 post side by side array spaced 10' apart would be used 
for length of stopping area. 


3. When SAF-T-POST rubber posts are set in the type of array 
we tested and impacted at speeds over 25 mph, there is a 
tendency for the front of the vehicle to be lifted. At 
speeds over 35 mph, the vehicle wheels can loose contact 
with the ground. 
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